The article describes the layout of thermal fields of activated carbon in the pressure steel tank at 77 K. The technology of adsorption hydrogen on the carbon materials is effective only at cryogenic temperatures. Therefore was used liquid nitrogen with temperature 77 K for the decrease of temperature device for storage. To properly assess the kinetics of the process is necessary to determine the correct time, which is necessary to compensate for the temperature field. Simulation program ANSYS CFX was used for the determination the thermal fields.
introduction
A Hydrogen storage is a key problem at application of hydrogen technology and assessing of economics of usage this element in energetics and transport. However, proposed methods of pressure and cryogenic hydrogen storage are not enough safe and do not have the high storage capacity. For obtaining of high pressures (storage of the composite pressure vessels), respectively low temperature (liquid storage) is needed a large amount of energy. Major advantage adsorption storage of hydrogen is a high kinetics of the adsorption-desorption cycles, cyclical stability and low cost adsorbent [1, 2, 3, 4] .
Use of cryogenic temperature and the absorbent materials leads to considerably reduced of pressure hydrogen storage. Therefore, this method is suitable for hydrogen storage. Target of further development the materials for storage is to obtain the greatest abilities of hydrogen storage with the lowest weight of the whole device mainly for transport applications [5, 6, 7, 8, 9] .
The advantage of carbon materials is mainly their low density, extensive structure of the pore and chemical stability. Adsorption and desorption of hydrogen in the carbon nanotubes, in the nanoporous materials and in the active carbon show low or no hysteresis and they have relatively fast kinetics.
laboratory equipment for measurement of hydrogen adsorption at 77 K
Of the base part of laboratory equipment for determination of capacity storages is thick-walled steel pressure tank with volume 10 -5 m 3 , which is filled by adsorbent and at the top of the neck is sealed with polyurethane foam. This allows a continuous flow of hydrogen without blow molding of fine particles filling. For isolation of thread was used Teflon, which resists cryogenic temperatures. The tank is immersed into the liquid nitrogen, which is in Dewar tank with volume 10 -3 m 3 .
The laboratory equipment is used to measure the adsorption with the hydrogen pressure of 2 MPa with the possibility of decrease of temperature in pressure tank with active carbon at the 77 K. The equipment consists from the pressure tank with hydrogen at 20 MPa and purity 3.0 (99.9%). While Purity hydrogen, which is used, is sufficient for using at the adsorption, given that the activated carbon is not susceptible to the degradation of the storage abilities by the various impurities in the gas, (especially O2), as in certain types of metal hydrides. For decrease and regulation of hydrogen pressure from the pressure tank to maximum 2 MPa, is used reducing valve FC 2000 5-H-200 that complies with norm EN ISO 2503. The distribution of gas is realized by brass pipe MS 63.
determination of thermal fields
When measuring the absorption curves is necessary to cool the adsorbent to the cryogenic temperature 77 K. Due to the complexity and voluminousness problems heat transfer from liquid nitrogen to core of active carbon is not possible to solve heat transport by an analytical method. Therefore were used the numerical methods of solving.
The main requirement numerical simulation in ANSYS CFX is the establishment of non-stationary temperature field of activated carbon, in a steel container with a capacity of 20 ml. To monitor the temperature of the adsorbent at selected points is possible to determine the minimum time that is needed to immersing tank into the liquid nitrogen until the start of measurement of adsorption of hydrogen. The weight of used carbon is 1.3 g. In view of the dramatically changing the physical properties of materials during decrease to the temperature of liquid nitrogen were used functional dependence on the temperature. 
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Thermal conductivity of tank from the steel has been selected on the basis of known data at three temperatures by Table 1 . Thermal conductivity at a specific temperature of the solved element is obtained by linear interpolation. Figure 2 shows the process of thermal capacities of carbon and steel depending on temperature. 
Creating of models and the simulation of thermal fields
The shape and dimensions of the steel tank are shown in Figure 3 . The activated carbon in the container reaches the height of 47 mm from the inner bottom of the container.
After sealed of the steel tank with Teflon it is screwed into the threaded brass holder whom dimensions and shape are shown on Figure 4 .
Creating 3D model of composition contains four domains: active carbon, hydrogen (above the carbon in steel tank and brass holder), steel tank, brass holder. The task is possible to solve with symmetric to the longitudinal plane, therefore the rate of calculation is doubled. Figure 5 shows models with highlighted of the symmetry plane.
The mesh created by discretization individual domains contains 1.45·10 6 of elements with tetrahedron type. The individual contact surfaces between the domains were using the tool "Name selection" named for ease of setup interface. The network is shown on Figure 6 .
Result of simulation of thermal fields
Numerical simulation was solved as timedependent with total time 60 s and time step 0.2 s. The initial time step was only 0.05 s with and subsequently it was increased to the 0.02 s, due to the overflow prevention solver.
Each time step was conducted 20 iterations. At time 0 Sec. was temperature 20°C, it was the initialization condition all of the domains. On the contact area of liquid nitrogen with tank ( Fig. 8) was entered the third type boundary condition. The heat transfer coefficient is considered at 3 000 W·m -2 ·K -1 (calculated from criteria equation [10] ) and temperature of liquid nitrogen at 77 K. At the top of the container acts on the surface the gas nitrogen, which is evaporated off having a temperature of 77 K (it is marked with green colour in Fig. 9 ) and the average heat transfer coefficient also takes account of the radiation of the 14 W·m For evaluation of the time-variable thermal field was selected 3 points in axis of carbon as on Figure  7 . Point 1 is situated at height 47 mm from the inside bottom of the tank. Point 2 is situated at height 24 mm and point 3 at 1 mm from the inside bottom of the tank. For evaluation of the thermal field across the thickness the line passing through the point 2 was used. This line is perpendicular to the axis, of the tank. immersion into liquid nitrogen. For numerical calculation has been studied the two variants: Figure 10 shows the time development of temperatures in the studied points for total immersion of the tank solved in ANSYS CFX. Development of temperatures shows that the basic stabilization of temperature field takes place after 8 s.
1.) Total immersion at height of active carbon (48 mm from the inside bottom of the tank), 2.) 2 / 3 immersion from the bottom of the tank (32 mm).
Change of temperature in individual points in depending on time is a depending to height The temperature in point 1 does not reach a stable value, even after 60 s. Therefore, it was performed the simulation "steady state" which showed a stabilized temperature in point 1 to value 100 K. Heat transport from ambient through the neck of the steel tank does not allow complete cooling of the adsorbent. This can have an impact of the total capacity of hydrogen storage.
The results of the simulation show necessity the immersion tank above of the top layer of carbon to allow for the complete cooling of the adsorbent. In point 3 there is the fastest cooling. The point 3 is situated only 1 mm from the surface of the steel tank. Development of temperature on the line which is perpendicular to the axis of the tank and passing through point 2 is shown on Figure 11 . Dependence the temperature is it relevant to distance from the axis of the tank (radius r). The temperature fields in the section plane passing through the axis of rotation of a steel tank in the different time points are shown in Figure 12 .
Simulation of the 2/3 immersion of tank was done for comparison. The thermal fields simulation of 2/3 immersion of tank are shown on Figure 13 (steady state) and on. Figure 14 (non-stationary temperature field). Figure 15 shows that, at 2/3 immersion is problem with hypothermia in point 2, which is situated in the middle of carbon. After stabilization the temperatures is at the point 1: 142 K; point 2: 82 K; point 3:77 K. Figure 16 shows the development of temperature along the height of active carbon for better illustration of the problem (height 0 mm is on the underside of a sphere of carbon). To ensure reproducibility of individual measurements it is essential to observe the amount of liquid nitrogen at a minimum height of 48 mm. In the case of evaporating nitrogen due to heat flows into the tank is necessary decrease of the level of LN2 to amend and the immersion maintain the same level.
conclusions
Based on numerical simulation, it can be reported, that kinetics of heat transfer during cooling of the tank are on high level. However, during cooling is needed to keep sufficient height of liquid nitrogen to ensure constant temperature along all height of tank. During the process of measurement of the hydrogen storage capacities occurs to a gradual decrease in the level of liquid nitrogen (slow evaporation).
This state is due to supplying heat flux over the insulation of Dewar tank and holder steel tank. By reducing the level about 1/3 the height of the storage tank there is a significant temperature increase in the upper layers of the carbon material. This result decreases Van der Waals attractive forces which it binds hydrogen to the surface of carbon by adsorption. This increases the pressure of hydrogen and the process of measurement of storage capacity may exhibit distorted and inaccurate data. Given the above facts, it must be observed it is necessary to observe the constant height level of liquid nitrogen during measuring. 
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